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VIEWS FROM THE SPACECRAFT DURING
APOLLO 10 (MISSION F)

By Alfred N. Lunde
SUMMARY

The purpose of this document is to depict the star field, the
earth and moon terminators, and the horizon orientations for Apollo 10
(Mission F) as viewed from the spacecraft. The EM as seen through the
. M rendezvous window, and the CSM as seen through the LM windows are
shown. These data should prove invaluable in assuring the crew that
‘maneuver attitudes are correct. All data shown in this report are for
the May 17, 1969, launch date, with a T2° launch azimuth, first opportunity.

INTRODUCTION

The geometry of a lunar mission can be very difficult to visualize
(refs. 1 and 2). The primary objective of this report is to provide
views from the spacecraft during Apollo 10 (Mission ¥} because a knowledge
of how the spacecraft should be oriented with respect to famiiiar
objects visible from the spacecraft window would be invaluable for per-
formance of abort maneuvers as well as nominal maneuvers.

Other important objectives are as follows.

1. To establish possible backup attitude references for the major
maneuvers such as TLI, LOI, TEI, and entry

2. To provide moon reference horizon information to support an
LOI GO/NO-GO

3. To show the IM in & docked configuration

L. To show a head-on view of the IM and CSM at various distances
from each other :

Because of the LM, the visibility through the rendezvous windows
is severely limited during the translunar portion of the mission; therefore,
one of the other three windows may be used for star sighting or photography.

1



This document and its relation to other Apollo 10 {Mission F)
milestones for the Contingenecy Analysis Section are shown in the appendizx.

The major analytic tool used to produce this report was developed
by Mr. G. B. Roush of the Computatinn and Analysis Division.

NOMENCLATURE
c.g. center of gravity
CM command module
CsM command and service modules
KX entry interface
g.e.t, ground elapsed time
hF altitude above earth's surface
hM altitude above moon's surface
LOT lunar orbit insertion
LM 1lunar module
PTC rassive thermal control
RE radius frocm center of earth
RM radius from center of moon
SEQ star identification number
SM service module
TEC transearth coast
TET transearth injection
TLC translunar coast
TLI translunar injection

v, inertial velocity



TRAJECTORY GEOMETRY

The relationship of the ecliptic, equatorial, and lunar planes as
they appear in 1969 are shown in figure 1. The ecliptic plane iz always
inclined 22°26" to the equatorial plane. In 1969, the lunar plane is
inclined 28.5° to the equatorial plane, :

The position of the earth's equatorial plane in the -ecliptic plane
for May is shown in figure 2. The moon's location at the various phases
curing the mission are shown in figure 3. The sun and the mocn at TLI
have right ascensions of 54° and T0?, respectively. Because of the
northerly inclination of the trajectory for most of the mission, the
crew of the spacecraft will have a good view of the northern hemisphere.
The opposite was true for the Apolle 8 mission {ref. 2).

Because of the positions of the moon and the sun during the trans-
lunar portion of the mission, the spacecraft will be traveling toward
the general direction of the sun, especially during the first few hours
after translunar injection. Thus, the majority of the earth will be in
daylight and the moon almost totally dark as seen from the spacecraft.

A schematic of the nominal Apollo 10 (Mission ¥) trajectory as
viewed from sbove the earth-moon plane shows spacecraflt, crew, and ter-
minator orientation. The Apolio 10 (Mission F} trajectory has been
piotted on a map of the celestial sphere and .shows the inertial position
of the spacecraft with respect to the stars, sun, and moon (fig. 5).

GENERAL INFORMATION

For & better understanding of the data presented in this report, a
short explanation follows. Views of the particular maneuvers from the
TLI burn through the entry phase are presented in figures & through 2h.

A1]1 the views of the critical maneuvers such as TLI, LOI, TEI, and
entry have a field of view of 100°. A large field of view is used so
that the horizon of the body of interest can be seen and so that the
available stars can be shown. Superimposed on these views is the view
out the left rendezvous window from a restrained couch pesition. The
¥-body axis is indicated by a mark at the center of each picture.

During the translunar and transearth coast phases, the field of view
has been varied. To give a close-up view of the earth or the moon, the
field of view generally has been kept small.



The CM window configuration data were obtained from the command
module manufacturer and from the CSM/LM Spacecraft Operational Data
Book (ref. 3). The LM window configuration and the LM dimensions were
sbtained from reference 4. The approximate docked LM configuration has
peern. shown in figures T, 12, and 13.

Stars with a magnitude larger than +3 have been shown in all of the
views. Some of the larger stars have been named in figures. The star's
name, lcocation, and magnitude can be found in the star catalogue
(tuble I).

The vertical and horizontal scales on the figures are marked in
units for the guick location of stars in those figures. The field of
view in degrees is marked on the top of each figure. The velocity in
fps and the radius are given in each figure. Also, the wvelocity in mph
and altitude above the surface in statute miles are given.

DISCUSSION OF DATA

Translunar injection maneuver

The beginning, middle, and end of the TLI burn are shown in
figure 6. The maneuver is executed in a heads down position. The
horizon is dark until shortly before the end of the burn, at which time
the terminastor is visible. The spacecraft is in sunlight for part of the
burn. The TLI burn places the spacecraft on its lunar trajectory so that
at the end of the burn the velocity is 35 598 fps. The vectors and
REFSMMAT used were cbtained from reference 5 and reference 6, respectively.

Passive thermal control.- The PTC is scheduled to start shortly after
the first planned midcourse maneuver, at 7 hours after TLI. At that time,
the PTZ REFSMMAT is being used, and the initial gimbal angles are
piteh = 90°, yaw = 0°, and roll = 0° {(ref. 7). With a planned roll rate
of 0.1 deg/sec, the spacecraft will make one complete revolution about
its X-axis in 1 hour. The four views shown are at time intervals of
15 mirutes {90° in roll). Also shown in these views is the approximate
area of view cbstructed by the IM in a docked configuration,

Earth and moon views during TLC.- The earth is shown in figure 8 with
a constant field of view. Recause the earth gets quite small as the
spacecraft progresses on its lunar trajectory, figure 9 depicts the earth
with a variable field of view. The purpose of these enlarged views of
the earth is to show details such as continents and terminator. The
views start at a g.e.t. of I hours and sre shown for every hour until
shortly before LOI. The earth appears to be in total daylight when viewad
from the spacecraft shortly after TLI, which cffers a great opportunity




to take photographs because the spacecraft is above the west coast of

the U.5. All of North America, Greenland, and the North Pole area will

be visible at this time. Excellent views of all of Europe can be obtained
at a g.e.t. of 22 hours. The spacecraft enters the lunar gravitational
sphere of influence at approximately 6L hours g.e.t. All of the visual
data of the earth and the mcon are taken in the trajectory plane from a
view down the radius vector at the body of interest, However, in

figures 23 and 24, the ecliptic plane was used as the reference plane.
Most of the input date needed for the generation of this section were
obtained from reference 8.

Views of the moon are presented in figures 10 and 11. Because of
the earth-moon-sun geometry at this particular time, the moon will be
almost totally dark as viewed from the spacecraft on the approach trajectory.
The sun is close to the moon in right ascension and declination for much
of the translunar coast. The star background prior to LOI is shown in
figure 12 with the spacecraft in the LOI inertial attitude,

Lunar Orbit Insertion Maneuver

The beginning, middle, and end of the LOI burn are depicted in
figure 13. Because of the obstruction caused by the docked LM, the view
from the rendezvous windows was severely limited. However, one of the
other windows could possibly be used. The crew are in a heads down
position during this burn, and the burn is performed in a retrograde
attitude to brake the trajectory speed so that a lunar orbit may be
acheived.

IM and CEM After Separation In Lunar Orbit

The LM as seen through the rendezvous window of the CM is shown in
figure 1h, Only the front view of the LM is shown. The distance between
the c.g. of the two spacecraft is shown, as well as the relative velocity
between the two spacecraft. The front view of the CSM as seen through
the LM docking and front windows is shown in figure 15.

Transearth Injection Maneuver

As with TLI and LOI, the beginning, middie, and end of the TEI burn
are shown in the correct burn attitude. The maneuver is a posigrade
burn designed to free the spacecraft from the lunar gravitational
attraction. The spacecraft attains a velocity of 8582 fps at the end of
the burn. The velocity gradually decreases until the spacecraft passes
from the lunar sphere of influence into the gravitational sphere of in-
fluence of the earth, at which time the velocity gradually increases again.



Post-TEI Views

The three POst-TEI views depict the view from the spacecraft as the
earth comes into view after the TEI maneuver. The earth becomes wisible
over the lunar horizon shortly after TEI. At this time, the crew is
looking at the U.S.

Transearth Coast

As with the translunar coast, the views of the earth and the moon
are shown at various times during the coast period (figs. 18, 19, 20,
and 21). During this period, both the moon and the spacecraft have
moved a considerable distance in right ascension and declination since
TLC. Thus, when the spacecralft crew locks at either the moon or the
earth, approximately one-half of both bodies are visible to the crew
(fig. 3). The spacecraft leaves the lunar gravitational sphere of
influence at approximately 140 hours g.e.t.

ENTRY

The entry phase is sho n figure 22. The 8M is Jettisoned at
approximately 15 minutes pr: to entry interface, and the CM is in a
heatshield forwerd attitude. The angle between the spacecraft X-axis
and the earth horizon is held at +31.7°, which can be mcnitored on the
31.7° scribe on the window. The entry is made in darkness, and the
moon is visible during part of entry phase. The gimbal angles were
obtained from reference 9,

ECLIPTIC REFERENCE

The translunar and transearth coast phases of the mission are shown
in figures 23 and 2U; the ecliptic is used instead of the trajectory
rlane as the reference for the views. Pertinent information such as

velocity and altitude can be found for corresponding times from
figures @ and 21.

CONCLUSIONS

An understanding of spacecraft attitudes with respect to the sumn,
earth, moon, and stars is particularly useful to verify maneuver
attltudes normally described by IMU gimbal angles. This information is
especially useful for Apollo 10 (Mission F) because IMU gimbal angles
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are referenced 1o several specific inertial orientations (REFSMMATS )
instead of to preferred platform alinements.

This report has presented numercus figures which depict the view
fron the Apollo 10 (Mission F} window; star field, earth and moon
terminators, and horizon orientations are included. This informaticn
should prove invalusble in assuring the crew that maneuver attitudes
are correct.
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20795
20708
20926
FL LT
20947
20932
20949
20979
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RIGIL KENTAURUS

1ZAR

TUBEN ELGENUBI

KOCHAD

MEREZ

ZUBEN ELSCHEMaLI

PHERKAD

ALKALUROPS

NUSAKAN

MPHECCA

IUBEN ELAKRAB
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19+459610%0
l4¢50408310
14.50534)00
I4a51113860
1455258320
l4etSy583]0
14,571 7%%90
l4+462013870
142465791660
14+465904300
14540914680
14+462%7210
14+48604100
1469180550
4472374990

PULCHERRIMALIH472430540

1472677770
1474127750
1480377760
i4+81543800
14+B82241640
14¢B82952740
19¢B%64%430
l4e92252770
F44937 4450
14e94771660

NEKKAR15+0)04%940D

15018683220
15:032351 )10
154045491870
15,09908320
191079} &40
15« )5814440
16« 6263870
1G+17030110
15423483310
1529694430
1525199780
15e2802%780
1526158220
L5=288}10%0
15.31788870
15-232430530
IGe33B249580
J5e34z08R70
15+¢344) 3080
1534852770
15+3843054%0
1536511100
1540222210
1543974980
1552527770
15e04464670
15+55213a80

GHOSEALS552345640

1555822210
15¢55941640
1558155550

190
1440
14:0
1440
14%.0
4.0
1420
1440
14.0
14.0
ldeD
L4+00
4.0
1440
140
1%.0
I4e0
4.0
140
1%.0
Ll4«D
L4=0
140
l4eD
1440
1440
150
15«0
15:0
1540
15,0
150
150
1540
IS0
15.:0
18:0
150
15+0
15«0
150
19,0
150
15«0
i15+0
150
15+0
15+0
150
150
150
150
150
1540
150
150
15«0
150

27+0
30:0
3088
300
330
A3.0
15«0
A7+0
Avs0
39«0
39.0
3%9.0
4140
4l+0Q
4320
430
43.0
44¢0
480
4840
4.0
470
5040
5540
S&»0
Séel}
«0
1+0
20
20
240
é¢0
?:0
?+0
10+0
149
19+0
LBeD
1S+0
150
1420
19.:0
1740
20.0
200
200
20+0
23,0
23+0
24940
2440
310
12+0
33,0
3.0
33.0
33s0
40

LYY
147
173
40 |
Feld
&S
312
12+5
285
Isss
3943
Y617
1272
305
255
27 e85
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KX
13e 4
LY
207
Y64 )
4742
211
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S2e¢5
ATy s
T8
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2@+%5
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1392
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17«7
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LY YR
SHs?
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I1eQ
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+50s J03IQSS00
30e52916600
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2987638800
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~494 27484400
«b(Jeb9222200
L3+87750000
=472 22916600
~a4a824) 4600
=375 H4444400
~5¢50722220
«35e02416600
-78+8%833200
27+220823300
17¢111389060
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=27+8)583300
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19+24927700
74¢ 29861100
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=48+ 506238400
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3344949400
58947222200
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-~68e55222100
=)}p.02128800
4T F4FTITOO0
4052222140
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=443 5&6499700
=592 | 96387900
71+9586}000
=3he?3444400
=38¢64111000
3749888800
5908805500
2922527700
3le#76) 1000
~41 05055500
10465472200
269831238000
642201646500
«l4e 7416460
~2A+020585500
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=500
1p+0
3g\0
29.0
=42.0
-4%.0
=-40+0
13.0
w701
=h4e0
ﬁ)?cﬂ
=50
=-35+0
=7as0
2y»10
I¥.0
2«0
=270
=150
=430
I9e0
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=4z2:0
%10
4p.0
2+0
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2740
=45.0
«45.+0
=51+0
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“5a.0
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=bg+0
nipneD
“4y.0
=40,0
LT TY
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=29+0
Tis0
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31.0
5940
29+0
I1s+0
4.0
1.0
2440
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=140
=2g+0

50
11,0
X7 e
18.0
47.0
18.0
£48.0
32,0
39,0
2.0
27,0
4040
24,0
2740
54,0
15.0
41.0
210
27.0
51,0
S4.0
43,0
5540
i8.0
1040
54,0
39,0
3¥.0
45,0
Sé,0
59,0
48,0
2.0

3.0
38,0
4040
20,0
18,0

B0
17.0
5240
10,0

9.0
54.0
470
310

4.0
40,0
b&e
17.0
3.0
34,0

2.0
17,0
23.0

&0
27,1
14,0

4437
480
Je78
ERRHY)
Y4e48
Labh
HolH

vib
Fry 1.
i+89
Ja4i
4,0%
3. 95
Ye13
JaB1
2+70
Ha49
Ie78
Habd
2s50
Ha49
Yol
2424
4459
2,81
Jeda
debd
Yab2
141
4,02
Heb7
LEEL
ﬂ!‘ﬂ
3¢50
Yebd
IS4
Yelb
FIYAl
3:06
Y43
42 d6
I
3459
EYRA
454
JalH
LY )4
Yo
Ha47
.47
3a72
4447
2.%5
4423
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LUP
BOOD
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LuUpP
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CIR
CEN
ViR
CEN
APS
BGO
800
VIR
HYA
LIB
LUP
pao
UMl
LiB
Lup
CEN
BOO
VIR
L1B
LuP
BOO
LuP
Lye
Lup
Lig
B8R0
CIR
LiB
TRA
LUP
LUP
LUP
Lup
LUP
CIR
UMl
LuP
LuP
800
DRA
Cra
CRa
LupP
SER
CRE
THA
Lig
Lig

TOLLIMN

M1RAK

KIFFAR

KiFFae
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694
695
494
&97
498
699
700D
i
702
Toy
704
Tos
Toé
raz
To8
709
710
T
fi12
71
714
7%
AT
7117
T8
19
720
12
T22
123
Ty
725
126
Ti?
128
rev
Tin
T3]
132
33
734
Tas
7314
Ty
78
ray
Tug
T4
Tu2
7423
T4y
745
T4a
THT
748
FL L)
750
751

204}
2101¢%
21042
21070
21102
24139
2115
21195
2120}
2134]
21255
212469
2)2Y6
2128)
21288
2)3%0
2132y
21342
21312
213%a
214038
21%4%0
21439
21947
21478
214989
2153%
21572
215080
21593
1609
21625
21419
21659
2)7)s
21773
21778
2)181%
21828
21720
21933
21%87
2982
22012
22020
27042
22101
22090
22134
22157
22142
22193
22195
22200
22203
2228
22296
22302
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1559480530
15+60833320
IS+425410%0
15449422210
1566447220
15+487854)00

COR SERPENTILS UNUKIS 70502740

DSCHUBRA

ACRAB

LESATH

YED PRIGR
YED POSTERIOR

KAJAH

ANTARES

KORNEPHORDS

16«742833z20
LS+ 74589430
1575447200
15478605550
1579450000
I5«80208330
iS«81213880
l5+81780540
15+85772200
15«8584%15660
1S.96380540
15¢856733210
1S+91197220
15+9139)1650
15«9354} 100
1593708120
J5«94549980
1S«96325000
|5«970799590
1401052700
1402050000
14s02894%900
l6+0406464600

ELACRABI&«DES438D0

l6«y7147200
1407924900
16¢08913800
1612775000
14+ 14594300
lae 6902700
14¢203914600
16420847100
Lee27494%400
16+28485000
laed1 144400
14¢3 1761000
L4+ 334582300
léel4552700
1634752700
1637188100
lbe 37642800
16e43177700

VESPERTIL)&+45427700

laeasd702700

RUTIL16+47855500

16484823300
léde 48552700
l4+48577700
14650074400
14:54%55500
16+56164400

1520
15:0
15:0
150
1540
15.0
15,0
1s+0
15.0
15:0
15+0
150
15+0
150
15»0
150
15«0
1540
150
150
15.0
180
150
15«0
150
150
16«0
1600
léds0
16.:0
6+0
1640
160
16:0
14.0
160
140
lae
16+D
16+0
14+0
1640
14640
640
160
140
140
140
lds0
140
160
l&+0
16.0
lael
lés+0)
lLés0
Lé+0
L&eO

150
340
7.0
38.0
i?s@
§1le0
42,0
4420
44e0
45D
470
47«0
4840
480
9.0
51s0
510
S51.0
520
5440
54«0
560
5&+0
540
57«0
5840

+0

1+0

[ ]
20
3.0

4900
4.0
5«0
Te0
F.0
100
12+0
12=0
16D
17«0
L8+0
190
20.0
200
220
22-0
23.0
25,0
270
280
28400
2940
2940
29.0
30.0
A2+0
33+0

413
ioen
32e2
Yéou
59«3
16¢])
32 6
34:1
4499
ITXR]
9.8
LF XY ]

7+5
4347
Y]
278
30}
497
FaL
4in)
5041
B+2
ldasg
43:8
LEXY
15v4
179
1len
H2a4
FY YL ]
2i.9
1743
5.3
209
A9
S7+4
815
144+
305
28:0
127
4142
Aoy
2245
4349
I}
Ans7
hFED
S4ey
1584

L3
42+8
Sy
7e9
Bs+B8
deH
Sas4
42«0

-42+45188800
=29+ 6644500
~J4.29888%00
=44454694400
19+ 78174400
2640527704
6,5341“440
15«53000000
Todbdlasosl
77490305500
iBs 24833300
CETEYLLL LL 1Y)
Zae1 74914600
=3)e«52222100
458544470
42-54851000
=284+224)148600
-i&s42805500
=43ed2472100
=29+ 31333300
15e 77444430
26+978Q05500
=14+ 18000000
~26+0i472100
=3B8+29833300
=22+5234}100
=49. 13388900
58+658055%00
44»13305500
»1le27805550
=12+731101 100
=J&+70841100
~20+57583300
=20+ 77555500
454025855500
»1%e237111000
v27«83722300
=43¢5%841000
=3+40555550
=§es08a) 10D
=50+07146500
Y&+ 39583300
=25+51065600
19+23%16600
doe«97222100
=] 9+ 75694400
4)1+5%2055%00
L4« )l 250000
“B8e 29500000
~264356) 1104
=78+82222200
21156432200
34462972200
=l&e5380500U0
2+059) 6680
=21+39305500
4250833300
=-28+145p0UQ0

=420
~2g.0
m3yel
=44l
9.0
2440
4,0
igs0
¥.0
7r+0
laro
=30
2400
=330
4«0
Hz.0
=250
*l&s0
-$3.:0
290
150
240
=140
nigsl
«38.:0
222:+0
=4g.:Q
Sa.0
440
=l1.0
=19.0
=340
200
=20.0
450
=190
*27.0
=430
=3+0
LYY
=500
4440
=2K+0
igs0
ig.0
=ly+0
bdy1.0
l4s0
=gl
=240
~78+0
290
=3440
~lael)
2.0
=214
42:0
=340

2740
3.0
17,0
32,0
46,0
24,0
320
o
27,0
54,0
14,0
1%,0
10,0
3,0
34,0
33,0
13,0
37,0
940

5,0
46,0
58,4
lu,0

17,0
31,0

8,0
39,0

7.0
16,0
42,0
42,0
34,0
46,0

1,0
22,0
5040
35,0
35,0
34,0

4,0
23,0
30,0
14,0
58,0
57,0
35,0

4,0
17,0
21,0
4%,0
33,0
37,0
32,40

1,0
23,0
Ju,0

8.0

i%:0
S1.0
S&.0
49,0
$5.0
19.0
4 0
481D
42,0
l1.0
5%4.0
28.0
27.uU
200
$9,0
55,40
27.0
41,0
29,0
48.0
28,0
4140
48,0
53.0
S$4.0
25.0
2.0
29.0
S%,0
4140
40.0
11.0
313.0
3240
32,0
1640
i4.0
55,40
2040
31.0
18.0
45,40
38.0
2.0
20.0
2540
3540
45,0
4240
22,40
20,0
53.0
47,0
17.0
33,0
35,0
I0. 0
42.0

Y4427
380
Yq6d
4ab ¥
He?
%3
2 79
374
442
4y d4
Yol
dubd
4273
Yall
3.75
406
LIY 1]
L] ]
3,04
4e042
EXE-1]
4422
LFEY ]
Je0W
EFE L
Le5H
Y4eTH4
a1l
Ye b4
el
2.%0
4433
42l
4+58
Welb
4029
4,70
403
.03
Jed4
LER L]
EYR 2
2487
3479
4e 74
4+59
é+BY
4453
Hob8
Je2l
Je9Q
2+ 81
Y433
4alu
d.8b
4457
4225
2471
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LUP
S-R

SeR
SER
SER
PLES
SER
SER
CRB
Lup
SER
HER
sco
L18
TRA
sco
SER
CRB
Lig
5¢C0
LUP
5¢0
NOR
DRA
HER
5C0
5C0
LUP
S0
5C0
HER
5¢0
SCO
TRA
QPH
OPH
NOR
HER
SCO
HER
CR8
OFH
GRA
HER
OPH
3C0
ARS
HER
E14
OPH
OPH
QOPH
HER
SC0

ELHALA
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152
752
754
755
754
757
1Y)
759
140
78]
Tuz
763
TeH
788
Téh
747
Ta8

1469

70
171
rr2
773
778
775
718
177
778
179
780
781
Taz
7a3
Ta4
785
786
raz
7e8
Teq
790
791
192
793
Tgu
795
7964
197
798
799
apo
80}
ap2
803
804
805
age
8o7?
8ps
809

22311
22332
2237Tu
229564
2250¢
22558
22606
22640
22643
22799
22677
22469
22751
22775
2284y
22862
27849
2293%
23158
2318z
23184
23e?7
FEFER
23302
23)5¢%
21392
23424
23423
234%)
23515
23517
23544
23597
21817
214621
23627
1368
23147
23708
23725
2374
23769
23815
23817
231844
21857
2388]
231889
21745
23%74
23984
24048
24044
24238
24138
24125
24125
2alaz

ATREA

GRAFIAS

SABILK
Naous |

RAS=AaLGE Al
SAHR]N

MAASYM
AbwalD
SHAULA

RAS=ALHAGUE

KELB=aLKRA!

PHERKARD
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16+56777 70y
lé,587134800
leevt3I8610U
LédnbbsUBIDQ
léset 74?1600
lde74902700
1677922200
1679819400
lee7T9R25000
16282477700
i4s824%18600
1683266600
16+8685830C
14487249900
1be42858309
[6+93349700
lheR4s94400
lée93247200
1713997100
1714467300
17«1606%400
L72174%900
1722852700
17230494400
1726719400
t7+30538800
L7+31427800
t?+31505500
1733094400
17372308300
i7«37402700
17+37455500
i7+40383300
17.41284100
1741294300
17+41861000
L7+46555500
1747302700
1748952700
i7+s48886%400
17549399900
17«52049%00Q
1755083300
17+%5513800
17+54888900
17+58000000
17:59299%00
1759897700
17+8491 24500
17+8574]1600
17+606772200
17v495%69400
172704888045

TILDUNIZ 72425000

1775144300
1775225000
17+755%1600
I 7e768949400

-]
le. 03
&0
14+0
lé«0
laelD
las0
l&s0
1&sD
160
ia.0
164D
1410
160
14D
160
140
lé&.0
1740
17«0
17«0
17«0
170
170
L7+0
17+0
1740
17,0
170
17.0
1740
L7e0
170
17.0
170
17.0
170k
1740
i7+0
17.0
170
7.0
i7+0
17.0
170
17«0
170
170
17«0
17«0
17.0
17«0
17«0
1.0
i?.0
17.0
17.0
1 7+0

I4ay
3s,0
38.0
A%+0
%10
44.0
Y&«0
410
47.0
450
49.0
490
SZ.D
52+0
55.0
%640
Sbell
580
8.0
8.0
9.0
13s0
3.0
130
140
18.0
18.0
18+Q
190
220
220
220
2%
Z49.0
2%
25,10
270
280
2%.0
290
294D
il.0
330
330
34.0
3440
350
350
38.0
39.0
40«0
41«0
42«0
43.0
45.9
450
4540
4640
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13,7
19
579
47
540y
45,2
53s5
53.7
2942
2947
974
e
Zi+0
4209
(X1
4742
S8.9
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40+ 9
185
3.0
Jssg
498
129
1924
Slen
S4ez
Sley
23|
Zbeg
284+ 4
1Jen
Ha 23
Hbet
TeQ
SéeQ
22w
Teg
192
Y- P
1308
REN)]
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B0
4840
Jdag
Shr 4
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2647
3sA
Hyeg
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=35« 1802770y
=ld,4977776U
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JB« 8777700
~bgeybel LUJID
=28e¥8 28800
=348 2338900
=1Qe72277771
82+09750U0u
=31+906% 600U
=372 99972200
*42+30333300
10«22 468650
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Pa42805550
=23« |UBBBHCL
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~15¢37B3332u
=Be0¥7 16670
46sU2%1806U0
~l2e858233330
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9eb8027770
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Bb.aU%72200
27+739999%4u
=40 11527700
=Z7+B1V 60U
2+ 7188849y

=15+0
-10.0
=7740
Jpe0
g« 0
“bgasl
~58+0
=lya0
=lgs0
82.0
=370
=370
-42.,0
loe0
=550
9.0
=b3:0
3g.0
=lgsU
the(
4340
Tus0
4.0
gl
330
474D
=l2.0
=20
=2y4»0
~54.,0
=Sgell
7.0
=2uell
5.0
4.0
~Zgel}
=&0e0
=3rsd
=49.0
260
2.0
=37.0
=440
l2s0
~3gs D
=42.0
160
=a:0
Ygr0
12,0
=3¢.0
LR)]
=&dya
84.0
£re0
=4n0+0
=273.0
2«0

1140
2% 4
24,0
39,0
5%,0
57,0
S5d,0
13,0
43,0
Sel
59.0
57,0
lg,.u
13,0
6,0
28,0
b4 U
hg,0
41,u
45,0
1l,0
2544
52,0
50,0

8,0
44,0
48,0

57.U
29,0
20,0
10,0
a,u
3.0
lu,0
CYV Y|
kL]
16,0
51,40
8,0
19.u
4,0
P
35,0
34,0
58,0
22,4
5,U
[ Y]
S1,0

34,u
42,0
3&,0
44,0

44U
49,0
43,0

[y
32,40
32440
S4,0
laoi)
Sa.0
93,0
S3.0
42,0
2140
<140
3%,0
1240
18,0
13.0
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Figure 2.- Sun-centered inertial geometry of Apolle 10 (Mission F).
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NOTE: FOR ALL MANEUVERS
CREW IN HEADS-DOWN
POSITION RELATIVE TO
THE EARTH OR MOON

Figure 4.- A schematic of the maneuver attitudes and lighting for the
nominal mission.
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pu A

pu A

Xy nd
{bhb) G.e.t, = 57 hours.

RE= 187 119 n, mi. hE=211373 stat, mi, RE=189 a9l n, mi, hE=213 537 slat. mi.
v, = 3249 fas Field of view & 3° ¥, = 2215 mph V,= 3216 fos Field of view = 3 v, = 2193 mah

Y, nd

alrtA

P

Xend

{cce) G,e,t. = 58 hours,

Figure 9 .- Continued.

X, nd

{ddd) G.e.t. = 59 hours,
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Y, nd

74

Rg = 190 865 n, mi.

he =215 682 stat. mi.
V,=3184 fps

Field of view = 3° Vi = 2171 mph

RE= 192 710n. mi,

V.= 31 V.=21 b
iT 53 fos Field of view = 3* i 50 moh

hg = 217 826 stat. mi.

per A

]
A
18
X, md X, ud
feee) G.e,t. = &0 hours, 11 G.e.1. = 61 hours,
Rp-=194 539 n. mi, hg =229 910 stat, mi, RE=1%353 n.mi, I1E=221 998 stat, mi.
V. =3123 fps = = =
i ! Field of viow = 3° V.= 2129 mph v, =309 fps Fleld of view = 3° ¥, = 2111 mph
=<

X nd

pu fA

(g9g) G.c,t, = 62 Gaurs.

Figure 3.+ Continued.

X, nd

{hhh) G.e.t, = 63 houwrs,



-

o ‘ 15.
- 1
Ry=23011an, m. by = 23 575 stat, ml, " Ry=27876n.mi. hyy = 31 0DO stat, mi,
V. =3782 fps : V. = 2579 mph o =
i Fleld of view = 3* i mp V= 3799 fos Field of view = 3° V; = 2590 meh

RN ]

X, né X, nd

(i} G.e.t. = 64 hours. I ljj G.e.t. = 65 hous,

[y . S

RM=23 3pbén, mi. hM=25 808 stal. mi,

Ry =25 627 n, mi. hyy =28 412 stat, mi,
V|=’Zb22 mph

V; = 3821 fes Field of view = 3¢ V; = 2605 meh Vi = 3847 fos Fleld of view = 3°

pu A

X, nd %, nd
{kkk} G.e.b. = b6 hours, €Y G.e.t. = 67 hours,

Figure 9. - Continued.



nd

Y, nd

Ry =21 0BB-n. mi. hyy = 23 188 stat. mi, Ry =18 792n, ml, hya =20 545 stat. mi.

Vi ® 3880 fos Fleld of view = 3* V, = 2645 mph

76

VI = 3921 fps V, = 2673 mph

Field of view = 3°

L 1<
18
1
-
. L et m
X, nd X, nd
{mmm) G.e.t, = 68 hours, (ran) G.e.t. = 69 hours,
RMﬁlb 471 n, mi, hM=17 874 stat, mi, RM=14 118 n, mi, I|M=lﬁ 167 stat, mi,
V. =3974 fos Fiald of view = 3° ¥V, = 2710 mph ¥, = 4045 fps Fleld of view = 3° V.= 2758 mph
=
4

X, nd

fooad G.e.t. = 70 hours,

X, nd

toppY G.e.t. =71 hours,

Figure 9. - Continued.
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17

RM =11725n, ml. hM= 12 412 stat, mi, RM =9272 n. mi. by = 9591 stat, nii,
V.= 4145 s = V. = 4297 fs V. = 2930 mph
i n Field of vlew = 3» V; = 2826 meh 1 Fleld of view = 3° L
AR Ty ~—v T

pu A

'} i i b
X, od X, ,
tooq} G.e.t, = 72 hours. {rrey Gue.t. = 73 howrs,
Ry = 6758 n. mi. by = 6696 stat, mi, Ry = 4072 n, ml, hy, = 3607 stat. mi.
V. = 4555 fps V. = 3106 mpl = 3497
i Field of view = 30 i el V= 5129 fos Field of view = 3= Vi = 3497 mph
- =
I g

X, nd

{sss} G.e.t. = 74 hours.

Figure 9. - Concluded.

(tHY G.e.t, = 75 hours.
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Y. nd

20

10

-10

-20

SHge 144 50 184 208
R 2 13 »1i5 9
1 =20 =13 -5 ]

80

231 24s
0 =j2
17 A9

he = 57 131 stat. mi.

RE= 53 086 n. mi. E
= V.= 5810 mph
Vi 8521 fps Field of view= 30° ! e
~ . /'Elnath
- )
[ /Aldebaran
R .
= .
L
A I | S | PPN | S |
-20 -10 0 10 20
X, nd

(a) G.e.t. = 10 hours.

Figure 10.- Translunar coast - constant field of view {moon).




Y, nd

81

SEQ 144 180 184 208 23}

] i 13 -8 10 1

1 «15 -8 a 12 12
Rp =93 139 n. mi. hE = 114 600 stat.
V.= 5926 fps _ Field of view = 30° V.= 4040 mph

10

[ Aldebaran :

111.'1111

pu A

d
-10 )
[ @/— Sun'
I .
-20
1 Lo e ae s | NN | I L v iy | IR
~20 -10 4] 10 20
X, nd

(M) G.e.t. = 20 hours.
Figure 10.- Continued.
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SEQ 144 80 lée 2Cs

X 1 13 #1f 10
] -}l "B y 14
RE =123 762 n. mi. hE = 138 463 stat. mi.

Vi = 4782 fps Vi = 3260 mph

Field of view= 30°

llllllllllllllllllllllllll b i M T YT YT T T T T rIYTT—I— "‘V"T'ﬂ"'_‘l'—
B
20 -
. ]
10 ¢+ -
r . -
r / Aldebaran 1
-~ -
: . 4
. i
_l 0 7 -—
" . ' -
Sun N . E
.
. | S | | NN B | ]

=20 -10 0 10 20

X, nd

(Y G.e.t. = 30 hours.

Figure 10.- Continued.
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SEQ  1lw4 150 &8s
¥ t 13 =15
Y -8 =2 7

RE = 149 264 n, mi.
Vi = 4068 fps

83

acs
io
i¢

Field of view= 30°

hE = 167 810 stat. mi.
Vi = 2774 mph

o [ .
20 r . ]
10 - AIdB an s
1 edar d
i I )
[ /_ )
E : j
= or 7
i . ]
p ]
10 B -
®\—Sun' ]
20 F -
ST e e s e b i iins N T

-20 -10 0 10 20

X, nd

() G.e.t. = 40 hours.

Figure 10.- Continued.
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-10
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sfg 144 15D 184 205
 § 0 12 =% 11
¥ 5 ] 14 2]

RE= 171 319 n, mi,
Vi=3559 fps

8l

Field of view = 30°

hE =193 189 stat, mi.
Vi = 2427 mph

AN B A A A U A B B AL I B R EL D A A B A e e e S B s s e s a e e S o R

20 = — 20
|
{
|
F "/-Aldebaran
10 = - 10
<
ot B 1o
it . 0 2
!
(K—Su 1
-10 F : —4-10
-20 u -_—20
B
N | L. N 1. ]
-20 -10 0 10 20
X, nd

{e) G.e.t, = 50 hours.
Figure 10. - Continued.
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SER 144 150 l8a 204

X uJ 12 =14 12
Y -2 2 13 24
RE =190 864 n. mi,’ hE =215 682 stat, mi,

Vi = 3184 fps Vi = 2171 mph

Field of view= 30°

-------------------------------------------------

20 - —~ 20
1
[ /‘Aldebaran :
10 f : - _ 4 10
U - 0
: AN
Sun
10 + —-10
20 | ‘ - - a0
L ‘
. N I Al S | IO | IR N
-20 -10 0 10 20

() G.e.t. = 60 hours.

Figure 10.- Continued.
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SEQG IS0 L8

X 13 =iy
Y 4 1s
RM= 27 876 n. mi. hM=31 000 stat, mi.
V;=3799 fps Field of view = 30° Vi = 2590 mph
20 f 4 20
/-Aldebaran ]
10 | 4 10
]
0 h :<
70 =3
F ]
10 ' :
= P —
L 1 10
. ]
-20 - -20
PP BN NN | NP | I L "
=20 -10 0 10 20

{g) G.e.t. = 65 hours.

Figure 10.- Continued.
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87

s€q 150 18
X, 13 «l4
¥ ] 21

RM =16 471 n. mi. hM = 17 874 stat. mi.

V.= 3974 fps Field of view = 30° V, = 2710 mph

20

10

-10

-20

_ )
\-Aldebaranﬁ - 20
. - 10
-0
4-10
= -20
T | Lo i s M IO L. ]
-20 -10 4] 10 20

(M) G.e.t. = 70 hours.
Figure 10.- Continued,
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-10

-20

sEq 63
X 7
Y =21

RM= 4073 n. mi,
Vi= 5127 fps

88

Field of view= 30°

hM = 3607 stat. mi,
Vi = 3496 mph

T T TYTTTY P T T Y T T TR T e T T T T T T T T T T T T T TTICTOTOY Y T

E

:

N \ :

A

0 o o 5 O OQ ol )

k o O L OC 3 O,, Q) Y j

0 g 2o i

. 0) . Bl Yo 1

F | ( )

Q¥ -e 09’8 o ]

‘Q-(;Q C 00~ G j

. <. S ) ]

N b:a 4

&l 2 1

A R PN = v

s[5 EAAZ ]

. 1

N N | I PN PN T Ly o]
-20 -10 0] 10 20

X, nd

(DG.e.t. = 75 hours.
Figure 10.- Concluded.
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Y, nd

89

Rp =53 086 n. mi. hg = 57130 stat, i, Rg = 93 139 n. mi. he = 103 222 stat, mi,
V.=3§ = - =
' 521 fos Field of view = 1° Vi 5810 meh vi = 5926 fos Field of view = 1° Vl 4040 mgh
I=
{1z
r ]
®, nd X, nd
{a) G.e.l. = 10 hours, ) G.e.t, = 20 hours,
Rp =123 762 n, mi, |IE=138463 stal. mi, Rp = 149 264 n, mi, },E=157310 slat, mi,
Vi = 4782 fps Field of view = 2° \.'i = 3200 mph \= 4066 fps Field of view = 2° Vi = 2774 nph
=
g
r r
]
1
L3 N

X, nd

{c) G.o.t. = 30 hawrs,

Figure 11 .- Transiniar ceast - variabic field of view {moon),

X, nd

{(d) G.e.t. =40 hours,

A
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Rg=17L31%n. m,

90
v, = 3559 fps

he =193 1B9 stat, mil,

=
Field of view w 2* Vi 2427 mph

RE =190 B44 n,
\ri = 3184 fps

ml,

he = 215 682 stat, mi.
Field of view = 4° V;=2171 meh

Y, md

P A

[
X, nd X, nd
(e) G.e,t, = 50 hours, {f)G,e.t, = &0 hours,
Ry = 16471 n. mi hE=17B74 stat. mi, Ryy = 4072 n. mi, he = 3627 slat. mi.
V. =139 - =
;= 32921 fps Field of view = §° V| = 2673 mph v, = 5129 fps Freld of view = 40° Y| = 2497 moh
I * T

pu ‘A

pu A

{9) G.et, = 75 howrs,

X, md

thl G.e.t. = 75 hours.
Figure 11, - Concluded,
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SEQ 498 5)5 S35 545 587 54] 547 §7% 5B0 589 6GeY

410 817 é24 84y

X =23 9 8 ~20 =24 =22 w}8 22 22 -} =18 16 =21 17 )i
Y =3 «]l9 =1y 2 ? & 4 7 =1l 5 10 0 12 i 13
SEQ 643 445 651 460 88 890 700 717 719 724 736 743 745 753
X =20 =13 22 =1] - 24 15 -l 0 2 ] 0 24 8
Y 15 14 3 15 19 8 14 21 20 21 23 24 16 24
RM=2216n.m|. hM=1470 stat, mi.
V; = 6167 fos Field of view = 100° V; = 4205 moh
e S U — S — N ‘
. *““-Antares :
X a . o 4
20 ' - 20
PARNN ]
. . < 1
- * . 1
-
Q ; . ; 10
107 Acrux o]
J /‘Beta Crucis :
. - g
o= ’ |
g oL \-Arcturus -0
> ! ]
f 1
-10 -1-10
20 I | * ~-20
N TN B SN N b ]
-20 -10 0 10 20
X, nd

{a) 30 min prior to LOI {g.e.t, =71:38:17.6).

Figure 12 .- Constant inertial attitude prior to LOI,
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Y, nd

498 515 535
»23 ¥ 8
=3 ~19 =14
443 645 65}
=20 =13 22
15 14 3

R,, = 1512 n, mi,

M
Vi = 7072 fps

93

546 557 61 549 B74 580 589 599 610 617 &24
“2p 24 =22 =181 =22 22 =i -8 16 m21 17
2 7 & 4! 7T =11 5 10 0 12 ]
650 673 488 6Y0 700 717 719 724 736 TH3I T4
=i} & -3 24 15 -1 ] 2 1] 1] 2
15 14 19 8 1ty 21 20 21 23 24 1
= 1 stat, mi.

“ hM 661 stat. m

Field of view = 100° Vi = 4822 mph

44l
-1l
13

5 753
i 8
& 24

20

10 F

-10 -

20 |

Acrux
- _Beta Ctucis

e

......

.........

20

10

-10

) 15 min prior to LOI {g.e.t.

Figure 12.- Concluded.

=71:53:17.6).
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LUNAR ORBIT
INSERTION BURN



Y, nd

-10

-20

9%

SEQ| 498- 515 535 845 - §57 ‘su.uo u’m S80 9% 40 47

|
X =2 ’ 8 =20 w24 2] |7 w22 22 =18 J& =20
Y | ) «ly =4 2 7 é 4 7 eif 10 o 12

SEQ-a60 673 428 4] 643 445 6y 088 690 700 74S

X 41 =} =20 =13 22 =% 24 |5 24

Y " 15 g4 T I A L 3. TN |

Ry = 1022 n, mi. hyg = 96.7 stat. mi,
V.= 5625 mph

V.= 8250 fos Field of view = 100° i P

. =
1 -: 0 =4
:
- ~1-10
= v -1-20
M I P | NN N NN Pl |
-20 -10 0 10 20
X, nd

(a) Begin LOI burn (g.e.t, = 76:08:17).

Figure 13 .- Lunar orbit insertion burn,



SEQ

44%0 498 515
=] =23 9
2y -3 LRE

M
Vi = 7038 fps

R,, = 1000 n. mi.

838

-lq

97

S45 557 5é) 549 B7?74 58y 599 4)p 624 45
=19 =24 w2] =17 =22 22 =7 14 17 22
2 H & 4 7 -l 10 0 1 3

hM = 70.83 stat, mi.

Field of view = 100° Vi = 4799 mph

Y, na

-20

-10 0 i0 20

X, nd

(b) Middle of LOI burn {g,e.t, = 76:11:09),

Figure 13. - Continued.

¥y
L
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SEQ. 440 w98 515 535 545 557 $4) - §69 - §74 5a0 &40 624 68}
wll =23 9 8 =1Y «24 =21 el7 w22 23 '
Y ‘=24 e3 =19 w4 2 ? . ) 7

RM= 997 .4 n. mi,

V.= 5483 f - _
' P Field of view = 100° Vi 3738 mph

T YTy

ja& |8 3
IR ] k k]

hM = 67 .87 stat, mi.

LS RS Sete S s s e

™ T

{c) End of LOI burn {g.2.t. = 76:14:10),

“Figure 13.- Concluded.
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LM AND CSM IN

LUNAR ORBIT




20

10

Y, nd

-10

100

SEq 7 o1J4s
f 4 =13 19
Y ] 29

Vehicle number 1 with respect
to vehicle number 2

Field of view = 40° i

(a) 18 seconds after separation.

Figure 14,~ LM as seen from CSM,

pu ‘A
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sEq 7 1044
A “13 ~=19
u “8 H

Vehicle number 1 with respect
to vehicle number 2 Field of view = 40°

-20 -10 0 10

(b} 36 seconds after separation.

Figure 14.- Continued.
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pu ‘A

SEg 7 134
X =12 =19
¥ -1 8
d=
Vehicle number 1 with respect v :;75?,: s
to vehicle number2 Fieldof view=40° __ Ml
o
| I | NN | I | P 1
=20 -10 0 10 20

(c} 54 seconds after separation.

Figure 14 ,- Continued,
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sEq 7 LU4s
% =il -9
¥ =1 4

Vehicle number 1 with respect

to vehicle number 2
bl Field of view = 40°

d= 228 ft
Vi=2'52 fps

T T T T T ¥

T =TT
4
-

E
—
p

U

PRIE VI N G N

td) 1 minute 30 seconds after separation.

Figure 14.- Continued.
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20

10

-10

-20

SEgQ 7 1Jug
X 11 =19
Y -5 3

Vehicle number 1 with respect '
to vehicle number 2

104

Field of view= 40° i

PN NI S G W S T T T G T T G S T A R T T S R R N R A S Y T TR S S RUNT R TR R W 1

-10 0 10 20
X, nd

{e) 1 minute 48 seconds after separation.

Figure 14.- Continued,
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stg 7 1Usyg

X «10 =lg
Y =17 o]
Vehicle number 1 with respect d= 739 ft
to vehicle number 2 Field of view = 40° \lI =2.66fps
.
- 20
o
— 10
o
J-10
]
—-20
-20 -10 0 20
X, nd

(f} 4 minutes 48 seconds after separation.

Figure 14.- Concluded.
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106

8EG 4 7 25 63 1046

X =24 =40 2y ~-1i¢
¥ -2 C 2 =24

Vehicle number 1 with respect
to vehicle number 2

-15
14

Field of view= 50°

20 - 20
10 - ~ 10
[
. "] <
0 : -0 g
e )
E
10 —4-10
-20 F -1-20
| I d I | PP BT SEUE L.
-20 =10 0 10 20
X, nd

(a) 18 seconds after separation.

Figure 15.- CSM as seen from LM,
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20
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-20

107

SEQ 4 7 25 1Q4¢&
X 24 ©1( 23 =15
Y (L] b =3 g

Vehicle number 1 with respect d=74 i
to vehicle number Field of view = 50° v, 2.51 fps
¥ .
!
3
X
e
f ,
[«
A S | VD | S P N
-20 -10 0 10 20

(b} 36 seconds after separation.

Figure 15.- Continued.

20

10

1-10

1-20

pu ‘A



5EQ
X
Y

108

4 7 25 1046
=23 st 23 =15
-12 L =4 &

Vehicle number 1 with respect
to vehicle number 2

Field of view = 50°

d= 137 ft
V,=2.51 fps

20 I

10 [

Y, nd
<
1

o0 F

T YT T Y

N PP | NSO B

nnnnnnnnn

............ \....r-|...|-...-
4
4

T PP

-20 -10 0 10
X, nd

{c) 54 seconds after separation.

Figure 15.- Continued.
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sEG 4 725 984 1046
X =22 ¥ 24 =18 w1l
Y "1 =11 =5 24 3

Vehicle number 1 with respect
to vehicle number 2

Field of view = 50°

20 |- ¥ 20
4
10 F < 10
'I: »

o F l@t do
-10 [ --10
-20 — -;-20

1 Lo, e e P L.
=20 -10 0 10 20
X, nd

(d) 1 minute 30 seconds after separation,

Figure 15, - Continued,
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20

10

-10

-20

SEG

110

4 7 25 o984 1046

X 22 -y 24 ~19 =18
]

k4 -

16 »iz =5 23

Vehicle number 1 with respect
to vehicle number 2

Fiald of view = 50°

rrrrr

|

G/

{e) 1 minute 48 seconds after separation.

Figure 15,- Continued,
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SEQ 4 7 25 o9nd 1041 10486
¥ wZl =# 24 =19 24 =qE
Y =18 =14 =6 20 21 ¢

Vehicle number 1 with respect d=739 i
to vehicle number 2 Field of view = 50° Vi=2.66 fps
e S e ff\ff —]
20 .
g n
10 |- -
0 * ® -
-10 -
20 ]
N N PP PR R | | N
-20 -10 0 10 20

{f) 4 minutes 48 seconds after separation.

Figure 15.- Continued,
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X = =12 =5 22 ~24 41 =12 =5 e16 o0

112

4 ? 3 4 63 73 78 o 4 2
15 22 2 Y 9 10% Et% i%‘
B 0 6 =7 1 =8 =11 =14 13 =12 =18 =20 e2p

SEQ 12g 9%5p0 984 9°g 1ug% 10%2 10;% 1044 1aig

X mi¥ =23 -

-4

y -2y 18 i8 22 20 417 14 & 8

Vehicle number 1 with respect
to vehicle number 2

d
Field of view = 100° v

=TT T T T T T

pu ‘A

(g} 18 seconds after separation.

Figure 15.- Continued.
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SEQ a 745 22 25 41 &3 73
X 12 =5 22 24 11 =43 ~q o4E
Y T8 =34 m10 -1 egy 15 =17
SEQ 128 95¢ 9R4 995 1001 1028 1041 3p44
X =1¥ =23 -8 4 21 2é 13 wy)
y 2% 14 45 18 ¢ ¢ 12 2

Vehicle number 1 with respect
to vehicle number 2

75 e
-5 &
=17 -8
1péé
-7
4

10" 1141 112
5 m13 ejq4
=21 =23 24

Fieid of view = 100°
3

20

T T T T

PR T S Y

Ao

(h) 36 seconds after separation.

Figure 15.- Continued.
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SEQ 4
X =14
Y »0

SEQ 984
X »?
Y 13

114

7 15 22 25 41 &3 73 75
-5 27 =24 11 =12 ed oE -5
-4 4 =12 =2 =3 =16 =1F =18

$90 1001 1028 1441 Lp4¢ Loée
4 20 21 13 =13 -7
17 18 i4 11 ol 3

Vehicle number 1 with respect
to vehicle number 2

Field of view = 100°

8g 10Y% 9%
8 & =23
-16 =22 43

| G Bk i s Aol S S S B S S e e S s RE e S S S S S e S S e S S Ees s SR N SnSh et e B S Jen See S S S S S e e ma

(i} 54 seconds after separation.

Figure 15.~ Continued,
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SEQ 4 7 45 2z 25 4y 47 63 73 75 8g 108 94
X © sg1 =4 22 =23 12 <=4z =24 =3 =43 a9 7 ays
Y 7 =5 4 w14 -3 =4 e38 w18 20 =19 1% -23 25

SEQ 947 955 984 99 1005 1028 1041 1044 p4é
X | =185 =23 -9 3 29 12 =3 7
Yy 25 11 g2 16 8 14 11 g 2

Vehicle number 1 with respect d= 228 ft
to vehicle number 2 ‘ 'F'ie_ldr Of view = 100° Vj =2.52 fps

LINRE SO L S S B S peat M e nacs uns e dame e mme mame

SRR BELA LS SN N e S S

b

{ij) 1 minute 30 seconds after separation.

Figure 15, - Continued,
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SEQ 4 7 5 22 25 41 47 63 73 75 8p 108 9p4 .
X " oe11 -4 2 "2} 12 =2 =24 =2 ™4 mq¢ 1D 8 »yé
Y -7 -5 4 »14 -2 =48 =18 -eg8 =21 -2 -"1% =23 24
SEQ 907 95g 984 99g 100§ 1028 1041 1044 1045

¥ ~i8 =23 -9 3 1‘ 2 12 "3 -7

y 2¢ 10 i1 16 18 35 a1 0 1

Vehicle number 1 with respect d= 273 ft

to vehicle number 2

Vi= 2.53 fps

Field of view = 100°

X, nd

() 1 minute 48 seconds after separation.

Figure 15.= Concluded.
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TRANSEARTH INJECTION
BURN



SEQ 22 3y Ny 47
X =23 w24 =)2 =23
Y wi ) [ -5
SEQ 8¢ 205 207 2)s
X FH né =]2 14
Y -!a w2l #2} .19

RM= 99&6.6 n, mi,
Vi= 5349 fps

118

63 73 75 Bg |p®
CLEY Y ] =5 8 &
0 b LT o 1)
22 22§ 239 233 237
ié =13 | 23 12
w20 =2§ =2} =18 =23

Field of view = 100°

il
w|D
=D

239
24
.zg

112 120 %% 18g I8l
sj] =I5 ad ap =0
=|0 *#}]3 =) wlf =16
245 244 252 254

I® 13 13 s
=2} "4 r24 *3}

hM = 66 .86 stat, mi,

Vi = 3647 mph

e T Ty 1 v

3

T T T YT T YT

vvvvv

E L . 1 -
s 0 T. . X ? )
' -

10 + . 10
: * A|derb3ran _\ e :

- Rigel ]

2 f ! QL\;S N . o-20
r Capella . un' ]

_\ . .. * - :
R NN S A SN o]
20 10 0 10 20

(a) Begin TE! burn (g.e.t, = 127:51:34),

Figure 16.- Transearth injection burn.
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SEQ * 22 3 g 47 43 73 s B8O Jp8 111 112 1200 e Ll
X =12 =23 =24 =~jz =23 =4 =4 -5 8 & =103 =11 =12 - -8
Y 4 -1 -3 } =5 ] -5 =2 v =2 =} ~il =yd Tld =i®

SEQ 151 ise 293 &c’ 219 22} 246 &30 233 23/ 239 245 248 52 2be
X =i 4 -5 =il 14 e =13 9 23 14 2 14 13 14 16
Y =18 =ja& =21 =21 =17 =24 =23 ~23 ~i8 =23 =30 =23 =23 =y4 =23

RM=996A"'M' hM=6éiﬁsmLmL
) . V. = 4665 mph
Field of view = 100Q° i P

Vi = 6842 fps

: ' . :(
0 [ . X = 0 -
. - A - =
! )
-10 . —~-10
. L) S 7 . :
un Alderbaran . i
i ) ‘/_ : /— Rigel .
-20 ‘ o _ : . ' « —-20
I Capella ﬂ\ . . : ' ]
SR WP TN | D T B
-20 -10 0 10 20
X, nd

() Middle of TEl burn (g,e,t. = 127:52:55),
Figure 16.- Continued.
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=y
=15

120

y 22 3 41 47 &) 73 75 80 ip® 11 1@ J2p les e
& 23 wd§ ]2 o213 =4 wly d ] 6 wlD «]] e} =2 "y
1l -} -3 1 5 0 e5 =2 0 o5 )0 =)l e]y =13 wis
186 205 207 ik 22} 222 230 2331237 239 245 246 252 284
2 =5 =l 8 | b =43 ? aM 13 22 16 13 (LY
*je =2 w21 .‘. -l' “23 .23 O]! - .!? wiy 22 l3 w2y gl
RM=998.8 n, mi, hM=69.45 stat, mi.
V. =8582f ) V.= 1
i ps Field of view=100° i 5851 meh

10 . 4-10
| . * ' Sun o :
. (—.-/—— Alderbaran .
20 - ] - . . ;-20
i Capella —\' . - Rigel -/ ]
A I b Lo e e AT U
-20 -10 0 10 20
X, nd

(c) End of TE| burn {g,e.t, = 127:54:14),

Figure 16.- Concluded.
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TRANSEARTH COAST
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Preceding _pagé blank

g afvemvEr -
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SEQ 972 975 976 98D
x Il =16 =14 -y
Y 1o 10 13 25

Y, nd

RM= 1175n,
Vi = 8067 fps

Field of view = 10°

hyg = 236 stat. mi.
Vj = 5560 mph

20

10 |-

-10

-20

L

2

(a) G.e,t, =128:02:42.0.

Figure 17 .- After TEI,

20

10

pu ‘A
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SEQ %8l 972 975 974
X 13 1l =16 =14
Y -9 1o 1y 13

Ry = 1185 n. mi,

V.= 8041
! fps Field of view = 10°

hM = 247 stat. mi,
Vi = 5482 mph

20 |
-
10 F *
|
r
r
0 =
E
-10 -3

—~aaado o b

-20

-20

() G,e.t. =128:03:00.0

Figure 17.- Continued.

10

20

10
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20

10

-10

-20

126

SEQ 95l 972 975 97é
4 i3 il -1 =12
¥ -9 1o 10 13
RM = 1196 n.mi. hM= 257 stat, mi.
Vi = 8015 fps Field of view = 10° Vi = 5465 mph
! )
- - - ﬂ
| ]

-10 0
X, nd

10

(c) G.e,t, =128:03:18.,0,

Figure 17.- Concluded.

20

10

-10

-20
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s€Q 53% 6565) S&s 5BZ 593 595

X 18 =14 =18 23 1 =2

Y =zl 2 10 0 18 4

RM=6959 n. mi. hM=6928 stat, mi,
VI = 4977 fpS Fleld of view = 40° Vl = 3393 mph

pu ‘A

(a) G.e.t. = 130 hours.

Figure 18 .~ Transearth coast - co_nstarllrtr fie_l_d o‘fAview fmoan).



Y, nd

sEg &5 535 551

X 20 1a =4
¥ 20 "7 1?7

Rp = 189 948 n. mi, hE=214 625 stat, mi.
Vi = 3909 fps Field of view = 40° Vi = 2665 mph

5b4
=19
25

129

570 582
T 2y
I é (K]

20

110

0

J-10

. ]-20
e e e Lo ol
-20 -10 0 10 20

X, nd

{b) G.e,t. =140 hours.

Figurel8.- Continued.

pu ‘A



SEQ 473 535 55
] 21 17 =23
Y =23 ? &

RE = 166 086 n. mi.

V. = 4285 fps

570
.5
19

130

Field of view = 40°

hE =187 167 stat, mi.

Vi = 2922 mph

PR T S Y Y VW A Y

(c) G.e.t, =150 houwrs.,
Figure 18.~ Continued.

20

10

4-10

-20

pu ‘A
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SEQ 480 3515 5as 6551 6740
X 21 24 18 =20 0

Y -24% -8

RE= 139 574 n, mi,

v, = 4846 fps

3 i5 2]

hE = 156 658 stat. mi.

Field of view = 40° Vi = 3304 mph

PR ST TR R W S Y 1

PR

M DU | I BN | .
-20 -10 0 io 20
X, nd

(d) G.e.t. = 160 hours.

Figure 18. - Continued.

20

10

-10

-20

Pu ‘A



5EQ 515 535 554
X 21 17 =17
Y -0 | 2]

RE =109 081 n. mi,
Vi = 5716 fps

132

570 5872
3 20
23 24

Field of view = 40+

hE= 121 567 stat. mi.

.........

.........

Vi=3897mph
J 20
- 10
]
' =<
- 0 g-
1
--10
J-20

Lo i L

(e} G.e.t. = 170 hours.
Figure 18.- Continued.

20



s€p 473 5)5 53%

X 9 7
Y HZL .ln |1

RE = 71 851 n. mi.
Vi= 7391 fps

133

582

23
23

Field of view= 40°

hE = 78 722 stat, mi,
Vi = 5039 mph

() G.e.t. = 180 hours,

Figure 18. - Continued.
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20

10

-10

-20 |

134

SEQ 473 480 515 S35 570
A =9 g 12 id 17
Y ~18 =23 =}3 =1 F 4]

RE= 15832 n, mi.

Vi =16 816 ips Field of view = 40°

hE =14 257 stat. mi.

Vi =11 465 mph

/-Regulus

.......

vvvvvvvv

(g) G.e.t. = 190 hours,

Figure 18.- Concluded.

20

10

110

-20

pu ‘A



135;

Fleld of view = 4°

hESI 214 625 stat, mi.
VI = 2665 mph

Ry = £359 0, mi. iy = 6928 stat. mi. Rp =189 948 n, ul,
¥, =4977 fps Field of view = 1° V, = 3393 mph | v, = 3909 fps
=
a
A, nd
(2) G.e.t. = 130 houwrs,
RE=166 Q86 n, mi. hE= 187 167 stat, ml. RE= 139 574 n, mi.

v, = 4285 fps

Vi = 4B46 fps

Field of view = 2° \.f.I = 25922 mph

X, nd

th) G.e.t, = 140 hours,

Field of view = 2¢

hy: = 156 658 stat, mi,
/¥, =3304 meh

nd

X, nd

{c] G.2.t, = 150 hows,

Figure 19.- Transearth coast - variabte field of view {moon),

(€ G.e.t. = 160 hours.

pu ‘A



nd

RE= 71851 n. mi.
Vi=?391 fps

Field of view = 1°

136

hE= 121 567 stat. mi,
\1’i = 3897 mph

RE' 109 081 n. mi.

\.'i = 5716 fps Field of view = 2¢

Pu A

¥, ad

A, nd

(e} G.e.t, = 170 hours,

hEs 78 722 stat, mi.

‘n‘i = 503% mph

RE= 48 35k n. mi,

V= 9271 fps Field of view = 1°

he= 51 697 stat, mi.
Vi=6321 mph

0 G.e.t, =180 hours.

X, nd

Figure 19.- Cenciuded.

{9) G.e.t, = 185 hours,
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4 EARTH VIEWS
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SEQ 990
X -4
Y -10

hyy = 6928 stat. mi,
V.= 3393 mph

RM= 6959 n. mi.
Vi = 4977 fps Field of view = 40°

Y, nd

{a) G.e.t. = 130 hours.

Figure 20 .~ Transearth coast - Constant field of view (earth),



SEQ 990
X -4
Y -9

Ry, = 20 406 n. mi,
V.= 4409 fps

139

Field of view = 40°

hM = 23 402 stat. mi,
Vi = 3006 mph

LD Jus Bt St Suun ams S A SN B Mas Sugn Sund am A Men mew e Ea S E e

{b}G.e.t. = 135 hours,

Figure 20. - Continued.

20

110

110

-20

pu ‘A



Y, nd

140

8gg 990
X -4
Y -3

RE =189 948 n, mi,
Vi = 3909 fps

Field of view = 40°

hE = 214 625 stat, mi,
Vi = 2665 mph

20

10

0

110

1-20

N T T L [
-20 -10 0 10 20
' X, nd

{c)G.e.t. = 140 hours.
Figure 20.- Continued.
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SEQ 99D

X -4

Y -7
Rg = 178 283 n, mi. hE = 201 203 stat, mi.
Vi = 4076 fps Field of view = 40° Vi = 2779 mph

(B G.e.t. = 145 hours.

Figure 20. - Continued.

20

110

110

1-20

pu A
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SE¢ 990
X -4
Y -4

RE =166 086 n, mi,

Vi = 4285 fos Field of view = 40°

hE =187 167 stat, mi.
Vi = 2922 mph

LD SE B SEE B I B A5 B SEE SN s i S sl e S S S e e man e e mms me ama ann ok LN A Sne SnsL S Sne e s s SRS S B amm e e o

20
110
0
110
-20
' b N NP | I i
-20 -10 0 10 20
X, nd

(e)G.e.t. = 150 hours.
Figure 20. - Continued.

pu ‘A
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Sgg 990 1041
X -4 14
L L)) L3-1)

R_=153 229 n, mi, hE=172 372 stat. mi,

E
Vi = 4539 fps Vi = 3095 mph

Field of view = 40°

20

10

-10

-20

E >
>
)
e b s I T BN, ST U
-20 -10 0 10 20
X, nd

) G.e.t. = 155 hours.

Figure 20.- Continued.
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SEG  9¥0 1041
X w444

Yy =4 =23
RE=139 574 n, mj, hE=156 658 stat, mi,
Vi = 4846 fos Field of view = 40° V; = 3304 mph
J 20
4 10
=<
o0 I
[="%
410
4
N S N DT DU D T
-20 -10 0 10 20
X, nd

(9) G.e.t. = 160 houwrs.

Figure 20. - Continued.
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Sgc 590 1041
X =4 14

y el -21
RE=124 941 n, mi, hE=139 818 stat, mi,
Vi = 5227 fps Vi = 3564 mph

Field of view = 40°

thY G.e.t. = 165 hours.

Figure 20.- Continued.
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$EQ 990 1041
X -4 14
Y =1 =19

RE =109 082 n. mi.

Vi = 5716 fps

Field of view = 40°

hE =121 567 stat,
Vi = 3897 mph

mi,

~ 20

- 10

(VG.e.t. =170 hours.

Figure 20.- Continued.
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85 990 1041
x -4 14

¥ 1 =1b
RE=91 609 n. mi, hE=101 461 stat, mi.
Vi = 6383 fps Field of view = 40° Vi = 4352 mph

Y, nd

() G.e.t. = 175 hours.

Figure 20.- Continued.
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SEG 990 1041
X -4 14
Y 5 -12

RE= 71 851 n. mi.

Vi = 7391 fps

148

Field of view = 40°

hE =78 722 stat, mi,
Vi = 5039 mph

¥, nd

]

b

J

F

b

-
U Y I e e, L.
-20 -10 0 10 20

X, nd

(k) G.e.t. = 180 hours.

Figure 20.- Continued. -

20

10

-i0

-20
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990 1041
$Ea 990 1041

X
Y 13 =

RE= 48 351 n, mi,
Vi=92?1 fps

Field of view = 40°

hE =51 679 stat, mi.

Vi = 6321 mph

Y, nd

D A R

A RPN

P |

(D G.e.t. = 185 hours.
Figure 20.- Continued,

10

20

10

-10

-20
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150

Se¢ 23
¥ 6
y =20
RE=15 832 n. mi, hE=l4 257 stat, mj.

Vi=16 816 fps Vi=ll 465 mph

Field of view = 40°

20 1 -4 20
10 1 -4 10
-
4
0 =
! <10 2
-10 —-10
-20 - —4-20
A U R SN B b L]
-20 =10 0 10 20
X, nd

{(m¥G.e.t. = 190 hours.
Figure 20.- Concluded.
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hM =6%27 slat, mi.

hM =177 stat, mi, Ry = 6959 n, mi,
Vi = 3393 ninh

Ry =4021 n, mi.
- v e =
Vi B292 lps Field of view = 3° i 5654 mph VI 4977 fps

Flelq o

Vigy, = 30

< =
2z a
X, né %, nd
{2) G.e.t.= 129 hows. (b} G.e.t. = 130 howrs,
Ry = 9762 n. mi, hys = 11 234 stal. mi. Ry =12 486 n. mi. Bpg = 13 2B8 stat, mi.
V. =4736 | = = =
' ’ Fletd of view = 2° V‘- 3229 meh vi =4601 fos Field of view = 3* Vi 3137 nioh

Y, nd

X, vd X, wd

(d) G.c.i, = 132 howrs,

{c) G,e,t, = 131 hours,
Figure 21.~ Transearth coast - variable Field of view learih}.
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Ry = 15158 n. mi. byy® 16 364 stat. m, Ry = 17 795 n. mi. g = 19 399 stet. mi.

V= 45132 fps Field of view = 3° V.= 3077 mph v, = 4453 fps Field of wiew = 30 V, = 3036 mph

B T R AR

X, nd X, nd

{e) G.e.t, = 133 howrs. U} G.e.t, = 134 hours,
Ry, = 20 406 0. mi. iy = 22 402 stat, mi, Ry, = 22 997 n. mi. by = 25 2B4 stat. mi,
V= 4409 fos Field of view = 3° V;= 3006 mph v, = 4376 frs Fiew of view = 3° V= 2983 mph

nd

.

X, nd X, nd

W68 = 35k, (I G.e.l.= 136 hours.

Figure 21.- Concluded.



1531

" Ry=25572 0. mi. hyy = 26 348 stat. mi, | i Ry = 2B 136 n. mi, h,, = 31 298 stat, mi.
V= 4350 fps "Field of visw = 30 v, =296 mph ‘ v, = 4331 fps Field of view = 4° V= 2953 toh

[ T 3 Ty I-”

,nd

=
— -z .
i
i
X, nd X, nd
(i) G.e.t. = 137 hours. ¢ G.e.1. = 138 hours.
Ryy= 30690 n. mi. by = 34 237 stat, i, :Ef;gaaogqf::; a, mi, :Ef:;::mz;stal_ mi.
v, = 4315 fs Fleld of view = 3¢ v; = 2942 meh : Field of view = 3* ]
=
— — 3 ——]
S l R
X, nd X, nd
(k} G.e.t. = 139 hours. (1 G.e.t. = 140 hours,

Figure 21.- Continued.

A

pu




R = 143 948 n, ml. hEﬂ 211 981 stal. mi. Rg = 185 337 n, mi.
V.= 39049 Ips = 2665 mph v, = 3970 fs
! Field of view = 3°

¥, nd

154

Field of view= 3°

hE =209 320 stal, mi,
Vi = 2707 mph

bt e ke &b

B e e T

pu A

¥, nd

iz

— BEE! ]

X, nd X, nd
{m) G.e.t. = 141 hours () G.c.l, = 142 hours.

Rp = 183 006 n. mi. IIM= 206 637 slat, mi. R = 180 655 n. mi. I|E =203 932 stat. mi.

\."i = 4003 Ips Field of view = 3¢ V‘A = 2729 mph Vi = 4038 fps Field of view = 3° vi = 2753 mph
- -— <

2

() G.e.l. = 143 hours,

Figure 21, - Continued.

() G.e.l. = 144 haws,

pu



RE =178 283 n. mi.
V. = 4075 fps

Fleld of vilew = 3° .

hg =201 203 stat, mi, -

Vi = 2778 mph

155 .

RE = 175891 n, mi.
Vi =4114 fps

Field of view = 3°

hE =203 932 stat, mi.
Vi = 2805 rph

RE= 173 475 n, mi.

V= 4254 fps

X, nd
{g) G.e.l, = 145 hours,

Field of view = 3°

he = 195 670 stat. mi.

¥, = 2832 mph

Rp = 171 037 n. mi.
v, = 4196 fps

X, nd
() G.e.t. = 146 hours,

Field of view = 3°

hE = 192 B65 stat, mi,

Vi = 2861 mph

() G.e.t. = 147 howrs,

Figure 21.- Continued.

X, nd

{t) G.e.t. = 148 hours,

pu

A

pu



Rg = 168 574 n. mi. he = 190 029 stat. ml, Rg = 166 026 n, i, he = 167 167 stat. mi.
Vi 4240 e Field of view= 3° v, = 2891 mph V)= 4285 ns Field of view = 3° ¥, = 2922 mph

o
— “la
A, nd X, md
fu} G.e.t. = 149 hours. ) G.e.t. =150 hours.
RE=163 572 n. mi, hE = 184 273 stat. mi. RE= 161 030 . i, I|E= 191 3448 stat. mi.
Vi= 4332 1ns Field of view = 3° V= 2954 mh Vi = 4381 fos Field of view = 3¢ V;= 2987 meh
=< =
— - | E— =
2

pu

. S SR U

(w) G.e.l. = 151 hours.

Figure 21 .- Continued.

) G.e,L. = 152 hours.




nd

, rd

- Rg =158 460 n. mi.

v, = 4432 fps

Field of view= 3"

hE = 178 390 stat. ml.

vi * 3022 mph

157

Re = 155860 n, mi,
Vj= 4484 fps

Field of view = 3°

hE = 175 399 stat, mi.

Vi = 3057 mph

. P PR N S S )

RE= 153 230 n. ml.
Vi=4539 fps

X, nd
(v} G.e.t, = 153 hours.

Field of view = 3°

h{: =172 271 stat. mi.
V, = 3095 mph

R = 150 567 n. mi,
V.= 4595 fps

X, nd
(2} G.e.t. = 154 hours.

Field of view = 3°

hE= 169 308 staf, mi,
Vi = 3133 mph

{aa} G.e.1. = 155 hours,

Figure 21. - Conlinued,

{bb) G.e.t. = 156 howrs.

pu



L 147872 0, mi
Vi = 4654 fps

Field of view = 4°

Y, nd

158

he = 166 206 stat. mi. Rg =145 142 n. mi,

Vi =z 3173 mph

Vi = 4716 1ps

Fiald of view = 4°

hE = 163 06% sl
Vi = 3215 mph

Rp =142 377 . mi,
Vi =477% fps

X, nd
(e2) G.e.t, = 157 hours,

Field of view = 4°

hg = 159 BB2Z stat. mi. RE =139 574 n. mi.

V, = 3258 mph

Vi = 4846 fps

X, nd
(dd} G.e,t. = 158 hours.

Field of view = 4~

hE= 156 658 stat. mi.
Vi = 3204 mph

PR,

X, nd

(ee) G.e.l. = 159 hours,

Figure 21. - {ontinued.

X, nd

N G.e.L. = 160 hours.




" Rp= 136 732 mi.
V,= 4916 fps

E

Field of view = 4° V= 3352 mph

ho = 153 386 stat. ml. Rp =133 850 . mi,

v, = 4984 fps

Field of view = 4°

hE =150 070 stat. mi,
Vi= 3441 mph

R-=130925n. mi.

£
v, = 5064 fps

X, nd
(a9) G.e.t. = 161 hours,

h = 146 705 stat, mi, Rg =127 956 n. mi.

Field of view = 4° Vi = 3453 mph

\.’i = 5144 fps

X, nd
thh} G.2.t, = 162 hours,

Field of view = 4°

hE= 143 288 stat. mi.

Vi = 3507 mph

(i) G.e.t. = 163 hours,

Fiqure 21. - Cantinued,

(j) G.e.t. = 164 hours.




o RE= 124 941 n. m1,

V; = 5227 ips

he = 139 B18B stat,

Fleld of view= 4° V; = 3564 mgh

160

mi. RE‘—‘ 121 877 n. mi. ' hE =136 292 stal, mi,
vi= 5315 fps Flatd of view = 4° ' V; = 3629 mph

=
B
X, nd X, nd
(kk) G.e.t. = 165 hows, () G.e.t, = 166 hours,
Rg = 118 762 n. mi, hEu 132 707 stat, mi. RE= 115 593 n. mi. hE = 1292 061 stat. mi.
Vi = 3407 fps Fleld of view = 4° V= 3687 mph V= 5504 fps Field of view = 4 Vi = 3752 mph
- =
> a

(mm) G.e,1, = 167 hours,

tnn) el = 168 lowrs.

Figure 21. - Continued.

pu



Rp=112 367 n. mi.
¥,= 5607 fps

Field of view = 4=

hE= 125 348 stat, ml.
v, = 3823 mph

161

RE= 109 082 n. mi.

Vi = 5716 fps

Field of view = 4=

hE= 121 567 stat. mi.

Vi = 3897 mph

Rp =10 573 n. mi.
V= 5832 fns

{oo) G.e.l, = 169 hours.

Field of view = 5°

he =117 712 siat, mi.
Vi=39?6 mph

RE =102 315 n, mi.
Vi = 59556 fps

X,ond

(pp) G.e.t. = 170 hours,

Field of view = 5°

hE =112 779 stat. mi.
VI, = 4061 mph

(9q) G .e.t. = 171 hours.

Figure 21. - Conbinued.

X, nd

Grl G.et, = 172 hours.



nd

Y,

RE =93 826 u, mi.

Vi = 6088 fps

Field of view = 5°

162

hE= 109 764 stat, mi.
V.= 4151 mph

RE = Q5259 n, mi,
V. = 6230 fps Field of view = 5°

hE = 105 661 stat. mi.
Vi = 4243 mph

PRS- ’ [

X, wd

() G.e,l, = 175 hours,

RN

hE =97 158 stat. mi.
V; = 4465 mpl

B B [
- =
b a
X, nd X, nd
(ss) G.e,t, = 173 hours, My G.et, = 174 hours.
RE =91 60% u, ni. I‘E =101 441 stat. mi. RE =87 871 n, mi.
V= 6383 fas Field of view = 5° V| = 4352 moh Vi 6349 fps Field of view = 50
=
s O

Aoond

vv) G.e.t. = 176 houwrs.

Figire 21, - Continued,

LU




nd

RE= 84 035 n. mi.

VE= 6730 fps

T —— Ty 4

Field of view = 3°

e
V‘. = 4589 mph

163

= 92 744 stat. ml.

RE =806 093 n, mi.

| v = 6928 ins

Field of view = 6°

hE =84 208 stat. mi.
\f’i = 4724 miph

pufx

RE =76 036 n. mi.
VE= 7:47 fps

ww) Goet, = 177 lui e,

Field of view = 6°

he = 83 540 stat. mi.

V,= 4873 mph

RE= 71851 n, mi.
Vi=7391 fps

X, ol

G G.eol, = 178 hours.

Field of view = 7°

e e e e e

pu

hE =82 685 stat, mi,

Vi = 5039 mph

X, el

{yy) G.e.t. = 179 hours.

Figure 21.- Continued.
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{zz} G.e.t. = 180 hours.



RE= 67 523 n. mi.
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Vi = 7665 fps

hE =13 743 stat, mi Rp = 63 035 n. mi.
= =7 f
Field of view = 70 V;= 5226 mph V= 7977 fps
I v

|’|E = b8 579 stat. mj,
Field of view = 70 V= 5439 mph

| bbb . | it s
X, nd X,
{aaa} G.c.t, = 181 hours. {hhb) G.e t. = 1B2 haurs,
RE = 58 384 n. mi. hg = 63 202 stal. mi, RE = B3 482 n. mi. he = 57 584 stat. mi
v, = 8338 fos Field of view= 8° V; = 5685 mph vi=8r62fps Field of view = 10° V= 5974 mph
o e N [ R — — —
: y i
: - A |
TR P
“ N i
~, - A N,
. .. X NN
Y N

ol

7
l
|

X, nd

fcee) Goe.t. = 183 howrs.

(ddd) G.e.t. = 184 hours,
Figure 21. - Continued.
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RE= 42 920 n. mi. he = 45 429 stat. mi.
Vi=6752 mph

Rg = 48 351 . mi. be = 51 679 stat, ml.

E
Vv, = 9271 g Field of vigw = 100 v, = 6321 mph V= 9903 fps Pield of view= 10°

pu

X, nd
{eee) G.e_t. = 185 hours. (D G.e.l. = 186 hours.
Rp = 37 116 n. mi. he = 38 750 stat. mi. . Rp=30 824 n. mi. he = 31 511 stat. mi.
\:‘i = 10722 fps Field of view= 12= v, = 7310 mph ' V= 11 85D fps Field of view= 14° v, = 80840 mph

{g9g) G.e.t. = 187 hours, thhh} G.e.l. = 188 hours.

Figure 21, - Conlinued .
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R = 23 B55 0, ni, hg = 27 452 stat. .
V=13 577 fph :

2 =
> 2
X, nd
i) G . e.t. = 189 howrs.
Rp =15 832 n, mi, he = 18210 sat, ml, :E =25675 e ml, h = 2571 stat, mi,
;=16 816 fos ¥, = 11 465 moh 1= 28394 tps Field of view = 80° ¥; = 193 60 mph

Fleld of view = 36°
r———

kkk) G,e,l, = 191 hours.

Figure 21, = Concluded.
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SEQ 207 222 2rv0 27, 28) 290 301 208 323 328 342 3ev
X *17 w7 =}5 =]} =4 ¥ 0 'S 23 22 23 -h
Y Ie 14 | 13 ] lé 12 13 R o 8 ]

SEQ 356 362 377 w40 473 48y 507 5UY Hip 54§ 677 §92

X L i 2] I 4 3 g =iy =22 | w~ZQ 23 =34
v 5 3 3 "7 )2 =]4 ®|3 «f] =20 |7 20 32
RE=5410 n.mi. hE=2262 stat, mi,
Vi = 29 098 fps Field of view = 100° Vi =19 839 mph
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e
3
3
3
3

NP | NN | N B

-20 -10 0 10

[\ %]
[==]

{a) 15 min prior to entry {g,e.t, = 191:03:15,9),

Figure 22 .~ Entry phase,
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SEQ 207 222 270 271 290 agi 308 3z3 328 342
¥ =17 =18 =-j5 =tz 17 o 17 23 22 24
v 20 ;] 15 17 20 16 17 15 14 12

SEQ 44p 473 4@l 507 509 615 535 540 577 580
X 14 3 0 «l9 =22 -} O =19 =22 =14
y -2 -8 -9 -9 =8 =16 =20 =13 =16 =23

RE=5072 n. mi. hE

349
-8

sv2.

=23
-I.

g6 262
& -4
9 7

404

=22

-22

= 1873 stat, mi.

Vi = 30 065 fps Field of view = 100° Vi = 20 499 mph
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(b) 13 min prior to entry {g.e,.t, = 191:05:15.9),

Figure 22, - Continued. .



SEQ 323
X 24
Y I8

SEQ, 515
X - =l
y -

RE= 4746 n, mi,

3ZH
23
17

5315

-15

Vi =31 092 fps
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10

-lw-v-vvvv-lvvvvvv-vIVv-

Y, nd
o

-10

-20

-uvl-v-vvv--'--rrl—rv.
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34z 349 356 342 377 440 473 4Bo 507 59
24 -7 & - 22 14 3 0 =19 -2
1% 13 i 12 10 u -3 -t -5 -

540 5%] 5&é& 870 S77 580 S92 A0H
-l9 V7 19 7 =22 =13 =22 =2}
¢ =21 =22 =23 =13 =l!H =]% =18

hE = 1498 stat, mi.
Vi =21 199 mph

Field of view = 100°

»
|
o

L ]
pu ‘A

-10

P AP ST U AT A

-20

{c) 11 min prier to entry {g,e,t, = 191:07:15,9),

Figure 22 .- Continued.
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SEQ 377
X & 22
Y 14

SEQ sés
X 19
Y =18

E

440

570
7
=18

R = 4438 n, mi.

Vi = 32 163 fps

b
20 |
10 F
!
0 .
[ .
-10 s
- - -
[ .
-20 F

473 480
3 0

1 o
577 58U
~21 =13
“8 =13

TS BT WP

507
-8

582

-19

171

509 515
-2 -1

0 =5
592 593
=22 1l
=11 ~24

Field of view = 100°

535

=10

604
=20
-1y

540
~18
-5

410
-
=24

‘lIllllIl‘l.ll"lllll#k..lll-‘ll

551
I&
=14

639
=18
=21

h.= 1144 stat. mi.

E

Vi =21 929 mph

11111|nlaalnnann.l..llllli‘l‘j;llllnl‘llAAallea

[ . |

-20

-10

0
X, nd

10

{d) 9 min prior to entry (g,.e.t, =191:09:15,9),

Figure 22. - Continued.
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SEQ 440 473 48g 5u7 SU9 515 535 549 551 568 570 577
X 14 3 0 =l =21 -1 0D =18 15 18 & =21
' 11 7 6 4 y 0 -4 O ~10 =13 =12 =3

SEQ sup ss2 s#e 592 593 595 60% 610 621 624 63V 65
X 13 1] 24 =21 10 le =20 -5 23 =7 =17 =12
Y =} =13 =id -5 =B =|% -9 =]7 =24 =9 =156 =20

RE=4155n.mi. hE=819 stat. mi,

v, = 33 249 fps Eield of view = 100° = 22 670 mph
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201 ; -{ 20
10 b d 10
L . | - , 1
[ ) ~ Moon :
[ L [ ] - ‘ PR b :<
- . ) B . - o
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.10 ’ : . o . J-10
3 . B ' . - Sp_c -
! . ] e ‘ . ica 1
1 : Arcturus o ‘/— o -
-20 | . < . < -20
TR U I T SN B
~20 -10 0 L0 20
X, nd

{e) 7 min prior to entry (g.e.t, = 191:11:15.9).

Figure 22.- Continued.
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¢) 5 min prior to entry {g.e,t, =191:13:15,9),

Figure 22.- Continued.

SEQ 473 48g Sp7 50% 515 535 54n 55| 564 S¥g 577 S58p 582 s8¢
X 3 0 =% -2z = o0 =0 15 17 & =21 =12 0 22
Y 15 14 I o 7 3 4 -3 -b -5 2 o =5 =3
SEQ s92 593 595 404 &30 62; 624 439 441 5] 655 440 490 755
X  w2; 10 |5 =19 a5 2} =& =lp 24 =12 Y24 =14 2]
Y 0 ~l1 =3 =3 =10 ~I18 =12 "9 21 =14 w22 =24 ~l9 =2}
RE=3907 h, mi, hE= 534 stat, mi,
=342 . . =
Vi 97 fos Field of view =100° Vl 23 384 mph
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SEQ si1%
% -l
Y is

SEQ s24
X -h
Y -t
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Vi = 35233 fps

L35

i1
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~ié
-2

54Q
-19
13

b41
22
15
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ab|] 5648 LHYD S77 SBO 582 589 sH9%2
15 17 6 =21 =12 0 22 =21

651 655 6460 473 688 %0 0o 717

L =11 8 22 4 20 ~13 -4 11

b =14 =17 =186 =2] =] =j& =23

RE=3704 n, mi,

Field of view = 100°

543
9
-3

719
?
=23

595
15
=5

724

=23

404
-i9

745
-14
=18

hE =300 stat, mi.
Vi =24 022 mph

610 42]
-5 20
=2 =1

756

=19

=16

{g) 3 min prior to entry {g,e.t, =191:15:15,9).
Figure 22.- Continued.
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SEQ 551
X s
¥ 11

SEQ 439
X ~14
\'% 5
SEQ 72%
X 7
y =it

RE= 3557 n. mi.
V.= 35 958 fps

548
V7

641
21
-8

736
9
-7

570
N

645
23
-9

741
10
-8

L8p
=13
15

651
-11

THS
=13
=10

w82

655
-5
751

L
-l9

175

589
21

dép

21
=10
753

-17

592
=22
13

al3

=7
755

-18
-d

593

L1:1:]
19
-14

159
13
=21

Field of view = 100°

595
15

&0
-13

-3
71U

-22

604
=20
11

Tau
-4
-4

781
24
-24

h

E

sl0
=5

717
10
-ly

795
=12
-19

621
19
-4

71
?
wly

803
-9
=22

624
-4

= 131 stat. mi.
Vi =24 517 mph

— 20
J 10
[ e )
[ 40
- \ A
[ . ® ‘ _'_ ]
[ Y .‘/'-]\-ﬁAntares g - ]
[ . T o -20
-20 -10 10 20
X, nd

¢{h} 1 min prior to entry {g.e,t. = 191:1Z15.9),

Figure 22, - Continued.
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SEQ 568 582 589 593 595 410 621 624 39 64) 645 6% 455
X 18 0 21 L] 1% -5 19 -6 =l& 21 23 -1y ]
Y 12 15 3 9 6 10 o a ¢ LL -b & -}
SEQ eég o672 688 690 700 747 7)1%  7i4 136 743 T4 75
X 20 4 18 =13 - | 8 ? 9 9 =13 10
A -5 -3 -y i 3 =j0 =)0 =jU =13 ~lH -t =15
SEQ 753 755 759 770 78} 78% 790 793 795 797 802 &0
X | =18 13 F 23 13 20 13 =i2 P& 14 -3
Y -12 =4 w]7 =17 =20 =2} =21 =21 <15 =22 =22 =-18
RE=3508 n. mi. hE= 76 stat. mi.
‘\/i =36 210 fps Field of view = 100° Vi = 24 689 mph
- J 20
[ Arcturus . J o0
3 -
[ \—Spica )
X . 4
~ + . 1°
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[ :
y - - L] _-10
[ Antares )
- '/'_ ]
X . . 1
= .._20
F * -
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- . . -
SRS S N T AT DU I
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X, nd

(i) Entry interface (g.e.t. =191:18:15.9).

Figure 22.- Concluded.
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ECLIPTIC REFERENCE
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Field of view = 22°

Field of view = g°

=<
g
X, nd X, nd
a) G.eat. = 5 hours, ¥G.e.t. = 10 hours.
Field of vlew = 7° Field of view = 5*
fad
g

Figure 2%.- Translunar co

ast - ecliptic reference,
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X, nd
{e} G.e.l. = 25 howrs.,

Field of view = 4°

X, nd
) G.e.t. = 30 hours,

Field of view = 3°

W) G.et. & 35 haurs,

) G.eot, = 40 hours.

Figure 23.- Conlinued.
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Field of view = 3°

Field of view = 3°

{m} G.e.t, = 70 hours,

Figure 23 .- Continued.

{n) G.e.t, = 75 howrs,
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APPENDIX



PRELIMINARY
TECHNIQUES
ANALYSIS
(INTERNAL NOTES)

®

!

SECTION
REVIEW

|

CONTROLLING
AUTHORITIES:
MPAD, DATA
PRIORITY

MEETINGS, ETC

INTEGRATED
TECHNIQUES
DOCUMENT

PROGRAM
VERIFICATION

©® _§

l

®

Ol

RESET POINTS CREW
DOCUMENT BRIEFINGS
MAJOR.

MILESTONE NQ,

OPERATIONAL

RTACF

ABORT PLAN
DOCUMENT

LAUNCH WINDOW
EFFECTS ON

ABORT PLAN

PREPARATION

SC WINDOW

VIEWS

®

DOCUMENT

ol

CREW CHARTS

AND PAD DATA

HYBRID MISSION
EFFECTS ON
ABORT PLAN

b

VI,

vil,

VI,

X, HYBRID MISSION EFFECTS ON THE OPERATIONAL ABORT PLAN i

X,

MAJOR MILESTONES

PRELIMINARY CONTINCENCY TECHNIQUES
(PRELIMINARY PROCEDURES TO BE FOLLOWED BY CREW AND GROUND}

. INTEGRATED CONTINGENCY (ABORT) TECHNIGUES DOCUMENT

{DEFINES DETAILED PROCEDURES TO BE FOLLOWED
8Y CREW AND GROUND)

QPERATIONAL ABORT RPLAN DOCUMENT
(PROVIDES DETAILED ABCRT SOLUTIONS AND ASSDCIATED DATA
FOR THE PRIMARY LAUNCH OPPORTUNITY)

. RESET POINTS DOCUMENT

(INSURES CREW/RTCC SIMULATION OF ABORTS ARE COMPATIBLE
AND PROVIDES DRIVER FOR SIMULATION)

. CREW CHARTS AND PAD DATA

(PROVIDES FINAL PLOTS AND CHARTS CREW NEEDS FO CARRY OUT
QPERATIONAL ABORT PLAN; INCLUDES LAUNCH, TL! MONITQR,
TLI+ 10 MIN ABORT AND LQJI 15 MIN ABORT CHARTS)

RTACF PREPARATION

(INSURES REAL TIME OPERATIONAL COMPUTER SUPPORT
REQUIREMENTS WILL BE MET) :

SC WINDOW VIEWS DOCUMENT '
(PROVIDES STARFIELD, EARTH-MOON TERMINATOR, AND HORIZON !
SCHEMATICS FOR CREV/ FAMILIARIZATION AND INDEPENDENT

MANEUVER ATTITUDE CHECKS) !

LAUNCH WINDOW EFFECTS ON THE OPERATIONAL ABORT PLAN {DOCUMENT)
{NSURES ADEQUACY OF ABORT PLAN FOR LAUNCH WINDQW VARIATIONS) !

{SUPPLEMENTS ABORT PLAN FOR TRAJECTORY AND PROCEDURE .
CHANGES DUE TO A HYBRID PROFILE} ;

CREW BRIEFINGS ‘:
{EXPLANATION OF PROCEDURES AND ONBOARD ABORT CHARTS) -

yuelq aSed Bu!paoéjd

Flow chart 1.~ Major Apollo F and G milestones far the Contingency Analysis Section,

181



188
REFERENCES

Hyle, Chetles T; and Lunde, Alfred N, Apollo 8 Maneuver Attitude
Relative to the Celest1a1 Sphere as Vlewed from the Spacecraft.
. MSC IN 68-FM~294, December 9, 1968.

Hyle, Charlés T.; and Lunde, Alfred N.: The Earth and the Moon as
Viewed from the Spacecraft During the Apollo 8 Mission.
MSC IN 68-FM~307, December 16, 1968.

CS8M/LM Spacecraft Operational Data Book Volume I, CSM Data Book
Revision 1. November 1, 1968,

CSM/LM Spacecraft Operational Data Book Volume II, IM Data Book.
June 1968,

AS-505 Operational Trajectory, R-AERO-FMI-43-69. February 2k, 1969.

Laetz, Curtis J.: Contingency Analysis Sectien Mission F Data Pack.
MSC memorandum 69-FM36-59, February 18, 1969.

Jeness, M.: Mission F PTC REFSMMAT for May 1969. To be published.

. OMAB; Li¥AB; and LAB: Thé Spacecraft Operational Trajectory for

.. Apollo 10 (Mission F), Volume II. MSC IN 69-FM-66, March 10, 1966, .

Rogers, Joseph E; and Burton, John K. Apollo 8 Reentry Crew Charts.
MSC memorandum’ 68-FM23- 216 December 12, 1968,



